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Abstract  
An indirect tubular solar dryer for drying Okra was designed and manufactured in a food engineering workshop at 
the College of Agriculture, Basrah University. The dryer consists of a tubular solar collector with a dimension of 
0.3 m × 1.5m a chimney and tubular met at mesh. The solar collector comprises a drying tube made of galvanized 
iron and has a capacity of 5 kg. The results of the tubular solar dryer and of natural solar drying were compared 
during the study period. Solar radiation intensity increased as the morning passed,  reaching  the highest level at 
midday (780.55 W/m2). The drying efficiency by tubular solar dryer was found higher than the natural solar drying, 
reaching 55% and 40% respectively. The average temperature in the drying tube reached 55oC at 1:00 PM, and the 
air temperature was 41oC. By 4:00 PM, the moisture content of dried Okra decreased from 80.80%  to 16.32%    
using  the tubular  solar dryer and 28.44% using natural solar drying.  
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1. Introduction 
The fresh foodstuffs contain different water proportions . Those with  high moisture content are susceptible to 
damage due to the growth of microorganisms in the water solutions and their use of the components of these 
substances for feeding. Removing of moisture from foodstuffs saves them from damage for a long period of time, 
and the foodstuffs can be consumed by adding water or water. This process is called drying (1) 
Drying prevents food damage, such as fruits, vegetables, cereal crops, meat, fish, and milk by stopping the 
activity of bacteria, fermentation, and enzymes. Foodstuffs preserved by drying have enhanced flavor and 
nutritional value ,and they are lightweight and  easy to store and prepare (9), (15). Drying processes have been 
known as a food preservation method since ancient times . Natural solar drying is one of the oldest conservation 
methods  known to humans , used by the people in Arab countries to dry fruits and vegetables from one season to 
another . This method  needs areas with high temperatures, low moisture, and no rain during the drying period 
(15). 
The natural solar drying method with  changes in the treated foodstuffs, such as wear related to different in 
weather conditions and pollution of microorganisms, dust and insects. All of  these  lead to reduced nutritional 
value. In addition , this process requires a large area and a relatively  long time for drying, so it is not fully exploited 
for economic  reasons, especially  on a large scale (11) , (20). Solar energy is one of the cheapest and most abundant 
energies in Iraq. It is clean , environmentally friendly with no residual pollutant and an alternative and renewable 
energy. Solar radiation energy can be used properly in drying processes through converting into thermal energy  
by using a solar collector. This method is an effective means  to dry food which, in turn, results in a homogeneous 
product with no shrinking compared with other drying processes, such as using  electric dryers and natural solar 
drying. In addition ,   moisture decreases as food stays longer in the solar collector. 
Al Hilphy (2) developed a solar dryer for fruits and vegetables, and he found that the cleaned Okra with the 
solar dryer gave the best results in terms of qualities and properties compared with the cleaned Okra using 
traditional methods. The present study aims to design and manufacture of the tubular solar dryer for drying Okra. 
The combined drying room and solar collector are independent of external conditions. 
  
2. Materials and Methods: 
A tubular solar dryer was designed and manufactured in a food engineering workshop, Agriculture college, Basrah 
University, It used for drying Okra ( Hibiscus esculents L.) This is composed of the following parts: (Fig. 1) 
 
2.1  Iron structure : 
The iron structure was manufactured from the angle iron with 0.05m x 0.05m dimensions with a vertical base of 
1.50 m length and a width of 0.30 m. It was supported by a second base, a length of 1.40 m and a width of 0.30 m 
and a height of 0.90 m from behind and the height of 0.30 m on the front, which makes the structure takes the 
shape of the triangle and the corner and at a tilt angle of 30 o (Fig. 1). This base is provided with four small tires, 
each of which is 0.20 m, for easy movement and transfer. The vertical base is designed in the shape of an incubator 
whose function is to contain and install the solar collector. For the purpose of increasing the durability of the iron 
structure, it was provided with angular iron cutters and was slanted in a diagonally. 
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2.2 Solar collector: 
Solar collector was manufactured for the tubular dryer, it supplies the needed thermal energy to reach the desired 
temperature. The solar collector consists of the following parts: 
A. wooden structure: 
Whitewood was used in the manufacture of the wooden structure, which is a rectangular structure of 1.50 m length, 
a width of 0.30 m, a depth of 0.25 m, and the thickness of 0.015 m. It's consist of four wooden cutters length of 
0.30 m and width 0.15 m and 0.015 m thickness for the purpose of increasing the durability of the wooden structure. 
The nearby base from the wooden cutters was covered with wooden plates of 1.50 x 0.30 m2 diameter and 
thickness of 0.004 m. 
B. The Insulation: 
A 0.05 m thickness of foam insulation was used to reduce the amount of heat loss from the solar collector. The 
essential function of using insulation to isolate the drying tube from the outside and thus not to leak the heat energy 
acquired abroad (20). The insulator was placed inside the wooden structure at a height of 0.08 m from the base. It 
was proved by an internal wooden frame with special bolts. Internal cover made of reflective aluminum plates was 
put on the inter-insulator. 
C. Drying tube : 
A drying tube was made of a galvanized iron tube with a length 1.66 m, a thickness of 0.015 m and a diameter of 
0.10 m. It has two openings on both sides and is designed with two airtight covers, one of which has a valve, and 
a hole above the tube penetrates the glass cover. (Fig.1) 
The drying tube was painted from the outside in dark black with local dyes. The dorsal tube was fixed directly on 
the insulator inside the wooden structure by means of a glove and special screws. A cylindrical clip with a diameter 
of 0.09 m was manufactured for the purpose of placing the Okra to be dried in it and then pushed inside the drying 
tube. 
D. Glass cover: 
The normal glass was used for covering the solar collector with a thickness of 0.004 m. Glass cover dimensions 
are 1.45 × 0.25 m 2. The glass cover was installed at 0.07 m from the absorption plate inside the wooden structure 
by Wooden framed frame with aluminum plates. White silicon was used as an adhesive for the glass cover and to 
prevent air from entering the vacuum. The solar collector was Installed into the iron structure by special screws. 
E. The temperature gauge: 
The electronic temperature gauge of modal XMTD-2301was used to measure the drying tube temperature, which 
is installed on the upper right side of the dryer with a double thermometer attached directly on the inter drying 
tube. A Constantine- copper thermocouples (made by Bollix England company) was distributed on the glass 
covered and mercury thermometers were used to measure the ambient temperature. 
F. Solar radiation energy meter: 
The CM12-type of pyranometer (made by Kipp and Zonen, Holland company) was fixed on the upper left of the 
device and at a 30-degree angle to measure the energy of solar radiation falling on the surface of the solar collector 
and its readings were taken using a digital voltmeter. 
 
Figure (1) : Lagout of the solar tubular dryer  
 
3. Mechanical work: 
A certain amount of Okra, category (Hibiscus esculents L.) was taken and it was blanched for 3 to 4 minutes with 
hot water for the purpose of stopping enzymes, especially Ascorbic acid Oxidase, which is found in vegetables 
and fruits to prevent darkness of vegetables and fruits dried (8) It's divided into two parts. The first penalty was 
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1- Vent tube    2- Paranometer  3- Wooden frame   4- Glass sheet  5- Drying tube   6- Buckle metallic  
7- Aluminum plates   8- Insulation  9- Iron structure  10- Tires     11- Ventilation valve     
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discharged in the traditional way by placing Okra in metal trays and exposing them to the solar rays with 
continuous flipping periods and then placed in the shade until dry. The second penalty was placed in the metal 
clamp and was inserted into the drying tube in the solar dryer. Three replicates were used in the experiments and 
studied the parameters like the following: 
 
3.1  drying time: 
The time required for the drying was measured for the two methods based on the number of solarny hours, the 
study was identified from 9:00 am to 4:00 pm and the measurement was adopted for each hour.  
 
3.2 The moisture: 
The relative moisture in the drying room and outside was measured by moisture device, type of normal (made by 
SOLARDO company, German). The moisture of the fresh Okra was measured before and after drying at 105 ° C 
until the stable weight (2). Moisture content was estimated on a wet basis (%) in discharged Okra at different 
intervals by measuring the weight at each specific time period (6). 
 
3.3 Water activity: 
Water activity of the Okra was calculated using the following relationship (16). 
α =

100
 
When : 
α: Water activity . 
Me: Equilibrium  Moisture content % . 
 
 
3.4 Drying efficiency: 
The drying efficiency was calculated from the following relationship (14): 
 =
	


 × 100 
When: 
: Drying efficiency (%) . 
Qd: The energy needed for drying (kJ / sec.) 

  : Solar radiation energy  (W/ m
2) 
Ac: Solar collector area  (m2). 
 
3.5 Measurement of rehydration: 
The rehydration was measured according to Rangana,s method (13) which was summed up as taking 10 g of dried 
material and putting in a glass flask , Then 100 ml of distilled water was added and close it tightly and heated for 
3-4 minutes, then boiled for 5 minutes and then the excess water is filtered then weighted, after that the rehydration 
was calculated by the following relationship 
Rehydration = The weight of the sample after rehydration \ The weight of the sample before rehydration . 
 
3.6 statistical analysis: 
The complete random design (C.R.D.) was used for factorial experiments (8 × 2), it used two methods of 
drying( the conventional method and the drying of the tubular dryer) and the eighth time (9,10,11,12,13,14,15,16). 
The data were analyzed statistically by the statistical program Spss (17). The studied factors were tested using a 
less significant difference (L.S.D.) at a probability level of 0.05. 
 
4. Results and discussion 
Figure (2) shows that the solar radiation energy increased as daylight hours passed until 12 NN. The highest level 
of solar energy was 780.55 W / m2 and then decreased to610.13 W / m2 at 4:00 PM due to the earth's rotation 
around its axis. The solar angles(zenith, altitude and azimuth) changed with daylight hours, The reduction of level 
to zero at midday and increase to maximum values at sunrise and sunset as well as the angular change with daylight 
hours coincide with the results of  Duffie and Lunde (10). This finding  agrees with AL-Hilphy (4), AL–Rubai,y 
(5), Krauter and Ochs (12), Singh (18), Hilphy (2) who asserted that solar radiation energy increases with daylight 
hours and reaches the maximum value at midday, . AL-Hilphy (3) reported that the rate of solar radiation energy 
in Basrah City was 740 w / m2 in 2009.  
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Figure (2): The mean of solar radiation energy during the daylight hours for day (198) in September. 
Table (1) indicates that the temperature significantly ( p ≤ 0.05)  increased in the solar dryer with the passing 
of daylight hours and reached the maximum value at 1:00 PM  (55 oC). Afterwards, temperature decreased due to 
the continued heat transfer to the drying tube which was isolated from external elements. The temperature was 
retained at 1:00 PM as a result of  the heat gathered inside. 
Table (1): Recorded temperature of atmosphere and tubular dryer during daylight hours for day (198) of 
September. 
temperature of tubular 
dryer  ( oC) 
temperature of 
atmosphere   (oC) 
Time (hour) 
40 28 9 
46 33 10 
50 40 11 
54 41 12 
55 41 13 
55 40 14 
53 38 15 
51 35 16 
50.5 37 The mean 
2.4 3.2 L.S.D. 
Moisture assessment is one of the most important and widespread analyses in laboratory tests because its 
results are important for consumers and food manufacturers alike. The importance of moisture assessment to 
maintain food quality includes prevention of high moisture in the grain,which leads to fungi growth as well as 
insect damage and germination. In addition, the proportion of moisture increases the speed of the reactions in the 
aromatic dried fruits and vegetables. The moisture proportion significantly decreases from 93% to 20% for fruits 
and 95% to 64% for vegetables and 10.7% for dried vegetables (8). 
Table (2) shows that the relative moisture in the drying tube is much lower than that in the atmosphere. This 
outcome is due to the high temperature in the drying tube, and the increase in air movement causes water vapour 
to exit  from the upper hole of the drying pipe . Thus, the solar tubular drying is clearly superior over natural solar 
drying in terms of reduced levels of moisture or water activity. By using  natural solar drying, the Okra was exposed 
to changing environmental conditions, such as increased in the evening, and regained water from the atmosphere. 
By comparison, the tubular solar dryer depends on solar radiation energy available from 9 AM to 4 PM and then 
stops until the next day. During this period, the Okra in the drying tube did not absorb moisture from due to its 
isolation from the atmosphere. 
The temperature changes with daylight hours supports the findings of AL-Hilphy (2), who confirmed that 
solar drying removes a higher amount of moisture compared with  natural solar drying. The results showed that 
the moisture content of the fresh Okra was 80.80% before drying. After a drying period of 1-2 days by using the 
solar dryer and 2-3 days by natural solar drying the moisture level decreased to 16.32% and 28.44% by at 4:00 
PM, respectively. 
Dalali and Hakim (8) indicated that the moisture content of fresh Okra is 87.1%. Their drying process resulted 
in the nearly full drying of the Okra to a moisture content of 3% using  the solar dryer for 1-2 days, whereas natural 
solar drying took 2-4 days to reach a moisture content of 7%. This result agrees with Brennand (7) who confirmed 
that drying Okra  needs 1-3 days by using the solar dryer and 3-5 days through  natural drying . 
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Table (2): Relative moisture in the dryer, moisture content and water activity of the cleaned Okra in the dryer 
tube and natural drying during daylight hours for a day (198) of September. 
Figure (3) illustrates a drying efficiency of 56% in the solar tubular dryer  and 40% using the natural solar 
drying method. The reasons for the higher drying efficiency of the tubing dryer include the higher temperature in 
the drying tube and the ability to convert the solar radiation energy to thermal energy. Furthermore, in the natural 
solar drying method the Okra was placed in  trays under direct sunlight and needed a larger surface area for the 
drying, whereas in the tubular solar dryer, the Okra was placed in special buckle figure (1)  tilted at 30° the angle 
following the slope of the solar collector . Thus, the hot air passes and evaporates moisture. The speed of 
dehumidification in the tubular dryer is greater than that  of natural solar drying. All these factors combined to 
increase the drying efficiency. 
This result is consistent with the result of AL- Hilphy (2), who confirmed that using a solar dryer to dry fruits 
and vegetables provides higher efficiency than natural solar drying. The drying efficiency of an indirect solar-
powered dryer with forced flow reached 45% after two hours of drying time, which represented constant 
evaporation phase. Efficiency was also increased in terms of evaporation rate (19). 
 
Figure (3): The mean of solar drying efficiency during daylight hours for day (198) in September. 
Rehydration was 4.6 in the tubular solar powder samples which is higher than that natural solar drying at 3.9 . 
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Relative moisture (%) Water activity Moisture content (%)  
Time 
(hour)      
Otmosphere 
Tubular 
Solar  Dryer 
Natural  Solar 
Drying 
Tubular Solar  
Dryer 
Natural  Solar 
Drying 
Tubular Solar  
Dryer  
1.52 ±61  2.64 ±48  0.0003 ±00.808  ±0.0808 0.0003 0.035 ±080.8  ±080.8 0.035 9 
2.08  ±52  2.64  ±35  0.0010 ±0.7745  0.0015±0.6976 0.105 ±77.45  0.150 ±69.76  10 
2.52 ±40 1.52  ±26  0.0095 ±6678 0. 0.0072 ±0.6089  0.950 ±66.78  0.720 ±60.89  11 
2.64 ±35 2.08  ±18  0.0096 ±0.5215  0.0027 ±0.4120  0.960 ±52.15  0.272 ±41.20  12 
1.52  ±30  1.52  ±10  0.0004 ±0.4145  0.0010 ±0.3412  0.040 ±41.45  0.109 ±34.12  13 
1.52  ±23  1.52  ±9  0.0009 ±0.3588  0.0012 ±0.2676  0.091 ±35.88  0.128 ±26.76  14 
1.34  ±24  1.52  ±9  0.0006 ±0.3422  0.0060 ±0.1924  0.065 ±34.22  0.600 ±19.24  15 
1.11 ±25 1.52  ±7  0.0021±0.2844 0.0011±0.1632 0.210±28.44 0.116±16.32 16 
1.78 ±36.52  1.68 ±20.25  0.0009 ±0.5214  0.0010 ±4363 0. 0.090 ±52.14  0.100 ±43.63  Mean 
10.08 11.22 0.1011 0.1289 10.11 12.89 L.S.D 
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5. CONCLUSIONS: 
The maximum solar radiation energy reached 780.55 W/m2 at 12 NN. Okra was kept in the dark during the drying 
period. The efficiency of the tubular solar dryer was 56%, whereas that of natural solar drying was lower at 40%. 
The moisture of dried Okra was reduced to 16.32% in the tubular solar dryer, lower than that by using solar drying 
(28.14%). The rehydration rate of dried Okra by using the tubular solar dryer was  higher at 4.6% compared  with 
that through natural solar drying at 3.9% . 
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